The P8.6 gene is encoded upstream of the mouse TCR V α 1 gene in the anti-sense strand and its gene product contains the proline-rich region and tyrosine-isoleucine (Y-I) motif, which are consensus sequences for the SH2 and SH3 binding motifs respectively. It was found that this protein is highly homologous to Igβ. We also found that the P8.6 protein associates with a 170 kDa phosphorylated protein in vivo. To examine the polymorphism of the P8.6 gene, we carried out a single-strand conformation polymorphism analysis and found that the P8.6 gene comprises a family of at least 13 independent genes arising from single or multiple mutations. The mutated P8.6 gene with the Y-L motif was deleted, especially in NZW and BXSB mice, whereas normal BALB/c mice have a P8.6 gene bearing both the Y-I and Y-L motifs, suggesting a dysregulation in signaling through the B cell receptor or TCR in these two autoimmune mice. Functional analysis using transfectant cells carrying P8.6-1 (Y-I motif) and P8.6-3 (Y-L motif) clearly demonstrated that P8.6-3 gene inhibited the signal transduction upon the stimulation of ionomycin and cell growth. The TANYSNI sequence has been proposed as the immunoreceptor tyrosine-based inhibitory motif, this motif is replaced by AANYSNI in the NZW mice. In conclusion, some P8.6 are deleted in particular autoimmune-prone mice.
Introduction
We have reported the presence of a small mol. wt 60 amino acid protein (P8.6) containing a proline-rich region (SH3 binding site) in its N-terminal end and a tyrosine-isoleucine (Y-I) motif (SH2 binding site) in its C-terminal end that is homologous to the Igβ (B-29 gene product) cytoplasmic domain (1) . The P8.6 protein exists in both spleen and thymus in normal strain mice, and the amount of P8.6 protein increases after stimulation with ionomycin. Of interest is the fact that this P8.6 gene is encoded upstream of the mouse TCR V α 1 gene in the antisense direction and is transcriptionally regulated by a bi-directional intronic promoter located at V α 1 that is down-regulated upon administration of cyclosporin A (1) . The Igβ molecule is associated with surface IgM and plays an important role in antigen receptor signaling (2) (3) (4) (5) .
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Transmitting editor: M. Taniguchi Received 3 October 1997, accepted 24 February 1998 Recently, Igβ has been identified as an essential molecule for V-DJ recombination in B cells and in B cell development (6, 7) . In this study, we found at least 13 independent P8.6 family genes showing a single or multiple mutations (P8.6-1 to P8.6-13) using single-strand conformation polymorphism (SSCP) analysis. To examine the relationship between mutations in the P8.6 gene and autoimmunity, we analyzed mutated P8. 6 family genes in seven autoimmune-prone mouse strains including NZB, NZW, (NZBϫNZW)F 1 (B/WF1), BXSB, MRLϩ, MRL-lpr/lpr (MRL/lpr) and C3H/Hej-gld/gld (C3H/gld) mice. Interestingly, some autoimmune-prone mice are missing the specific P8.6 mutated gene. Among the P8.6 gene family members, several mutations seem to be important for the acceleration of B or T cell activation upon antigen receptor stimulation. The T/SxxYxxL/I motif, which is a consensus immunoreceptor tyrosine-based inhibitory motif (ITIM) (8) (9) (10) (11) (12) (13) (14) , is replaced by AxxYxxL/I in NZW mice. The increase in this mutant form results in a modification of antigen-induced signals on B cells due to the failure to dephosphorylate Igβ. Another mutation of the Y-I to a Y-L motif is deleted in NZW and BXSB mice, but MRL and gld mice present this specific mutations. These finding suggest that the defect of substitution of I to L may play a crucial role in the modification of antigenstimulated signaling in NZW and BXSB mice. We here discuss the possible roles of these mutations in the P8.6 gene in the generation of autoreactive T and B cells in autoimmune-prone mice, especially NZW and BXSB mice.
Methods

Animals and genomic DNA preparation
Seven different autoimmune-prone mice (NZB, NZW, B/WF1, BXSB, MRLϩ, MRL/lpr and C3H/gld) were kindly provided by Professor Toshikazu Shirai of Juntendo University, Tokyo, Japan. The preparation of genomic DNA from the tails of each autoimmune-prone strain and BALB/c mice used as controls was performed as previously described (1).
SSCP analysis, cloning and sequencing
Genomic DNA from BALB/c mice was amplified using primers specific for the P8.6 gene upstream of the murine TCR V α 1 gene: 5Ј-primer, 5Ј-AGTGCTGTATTTCTTAGT-3Ј, and 3Ј-primer, 5Ј-ATGACCTCAGCAGCACCAAGC-3Ј. The expected size of the PCR product was 180 bp. For SSCP analysis, amplified DNA was diluted (1:20) in a denaturing solution (95% formamide, 10 mM EDTA and 0.1% xylene cyanol). The diluted sample was electrophoresed in non-denaturing 5% polyacrylamide gels containing 10% glycerol. The gel was run at a constant power of 35 W for 2 h. After electrophoresis, the DNA was transferred to Immobilon-S (Millipore Intertech, Bedford, MA) and then hybridized with digoxigenin UTP (Boehringer Mannheim, Mannheim, Germany)-labeled 180 bp probe (P8.6 gene) by PCR using the same primer. Several bands were cut from the gel and reamplification was done using the same primers, after which the products were ligated to PCR2 vector (Invitrogen, San Diego, CA). Following transformation with the relevant construct in INVαFЈ competent cells, white colonies were chosen, examined for correct insert by PCR using the same primers (primer 1 and primer 5; Fig. 1c ) and subjected to large-scale plasmid purification using cesium chloride for plasmid DNA isolation. After plasmid purification, automated sequencing was carried out by an ABI 373A (Applied Biosystems, Foster City, CA).
Immunoprecipatation and Western blot analysis
A 20 amino acid region of the C-terminus of the P8.6 protein was synthesized, coupled to bovine thyroglobulin, and the coupled proteins were used as an immunogen for the preparation of a rabbit antipeptide antiserum by Pocono Rabbit Farms and Laboratory (Canadesis, PA) and antiserum against phospholipase Cγ1 antibody. The cell lysate from the spleens of BALB/c mice was incubated with the affinitypurified antibody against the 20 amino acid region of the C-terminus of the P8.6 protein and immunoprecipitation was done with Protein A-Sepharose. The precipitates were washed, electrophoresed in 7-15% SDS-polyacrylamide gradient gels, transferred to nitrocellulose membranes and then incubated with anti-phosphotyrosine antibody, 4G10 (Upstate Biotechnology, Lake Placid, NY). After washing, the membranes were incubated with a 1:1000 dilution of horseradish peroxidase-conjugated goat anti-mouse IgG (Cappel, Durham, NC). The bands were visualized by an enhanced chemiluminescence detection system (Amersham, Arlington Height, IL).
Transfection of P8.6-1 and P8.6-3 genes into DO-11-10 T cell hybridoma P8.6-1 and P8.6-3 genes were subcloned into expression vector with SRα promoter and a neomycin-resistant gene. DO-11-10 cells were washed in PBS, resuspended in In PCR Southern blot analysis, P8.6 family genes were examined in nine mice as described in Methods and the relative copy number of each gene was calculated from the radioactive intensity of the bands (ϩ to ϩϩϩϩϩϩ).
Primer sets (P1,P5), (P2,P5), (P2,P6), (P2,P9), (P2,P7), (P2,P10), (P4,P6), (P3,P10), (P4,P7), (P1,P11), (P3,P7), (P2,P8) and (P2,P9) were used for to detect P8.6-1 to P8.6-13 genes respectively. 5ϫ10 6 /ml, and mixed with 10 µg of linearized expression vector carrying P8.6-1 and P8.6-3 genes. pMK1T Neo plasmids were used for neomycin-resistant control transfectants. Plasmids with a luciferase gene carrying the SV40 promoter and enhancer were co-transfected. Cells were subjected to electroporation using a BioRad Gene Pulser (Richmond, CA) at 210 V and 960 µF. At 16 h after transfection, half of each transfected cells was incubated with or without ionomycin (0.5 µM) for overnight and then used for the luciferase assay. The rest cells were selected with 1 mg/ml of G418 (Life Technologies, Grand Island, NY).
PCR and Southern blot analysis
The 3Ј end mutation primers were synthesized and amplification was performed with Taq polymerase in 50 µl of standard buffer using 0.1 µg of genomic DNA from BALB/c and autoimmune-prone mice. Denaturing was done at 94°C for 1 min, annealing at 55°C for 1 min and extension at 73°C for 1 min for 30 cycles on a DNA thermal cycler (Perkin-Elmer, Norwalk, CT). One-tenth of the PCR products was used for Southern blot analysis. The membranes were hybridized with a digoxigenin-labeled UTP PCR probe (180 bp: coded upstream of the V α 1 gene) and visualized using anti-digoxigenin antibody conjugated to alkaline phosphatase and a detection system (Boehringer Mannheim). PCR primers were as follows (see also Fig. 2c ): P1, 5Ј-AGTGCTGTATTTCTTAGT-3Ј; P2, 5Ј-GCTGCTGTATTTCTTAGTAGTTAA-3Ј; P3, 5Ј-GTTA-GAATAGTTTGCAGC-3Ј; P4, 5Ј-GGCAGTGTTTTCTTTGGG-ATA-3Ј; P5, 5Ј-ATGACCTCAGCAGCACCAAGAGC-3Ј; P6, 5Ј-GCAGCACCAAGCCTTCCCCC-3Ј; P7, 5Ј-GCACCAAGCC-TTCCCCAAGCCT-3Ј; P8, 5Ј-TCTCTACCGGCTCCTCCTCC-3Ј; P9, 5Ј-CCTCTTCCTGCACCCTCCTCCCG-3Ј; P10, 5Ј-GCACCCTCCTCCCAAGACCCCT-3Ј; P11, 5Ј-GACCAAAGA-AATATTCAAG-3Ј.
Results
Polymorphism of the P8.6 gene SSCP analysis showed two major and 11 minor bands (Fig. 1) . To confirm the point mutations of the P8.6 gene on the SSCP gel, the DNAs were purified from the gel, cloned and sequenced as described in Methods. The results showed 13 new independent P8.6 genes (Fig. 2a) containing some point mutations compared with the original P8.6 gene. The 13 new genes (P8.6-1 to P8.6-13) are described in Fig. 2(a) . Whereas the originally described P8.6 gene encodes 60 amino acids in the anti-sense direction (1), all 13 new genes code 61 amino acids with 1 amino acid insertion (glutamic acid) at position 31 (Fig. 2b) of the P8.6 protein. Interestingly, the proline (P)-rich region at positions 6-29 (Fig. 2b) and the Y-I motif at positions 48-54 (Fig. 2b) are largely conserved. Five genes, i.e. P8.6-2, P8.6-3, P8.6-4, P8.6-5 and P8.6-6, show an amino acid substitution of I to L (position 54, Fig. 2b) . The P8.6-4, P8.6-8 and P8.6-13 have an amino acid substitution from Q to R (position 25, Fig. 2b ). P8.6-12 and P8.6-13 genes contain the additional substitution of L to P (position 19, Fig. 2b) , and P8.6-13 shows the motif PxxPxxR. Three genes, i.e. P8.6-8, P8.6-10 and P8.6-11, have an amino acid substitution from T to A (position 48, Fig. 2b ) resulting in a change in the ITIM motif from TxxYxxI/L to AxxYxxI/L. The P8.6-6, P8.6-7 and P8.6-9 genes have an amino acid substitution from D to Y (position 28, Fig. 2b) , resulting in the appearance of a new phosphorylation site. The P8.6-3 and P8.6-7 gene products have an amino acid substitution from Q to P (position 10, Fig. 2b ) making them more proline rich. The P8.6-5, P8.6-7 and P8.6-11 have an amino acid substitution from L to F (position 12, Fig. 2b ).
Association of P8.6 with a 170 kDa phosphorylated protein
To analyze whether the P8.6 gene product is associated with phosphorylated proteins, immunoprecipitation was performed with an antibody against a 20 amino acid region of the C-terminal of the P8.6 protein plus anti-phosphotyrosine antibody as described in Methods. The results showed that a 170 kDa protein containing phosphotyrosine is precipitated with the anti-P8.6 antibody (Fig. 3) . These findings indicate that the P8.6 gene family products are associated with a 170 kDa protein in splenic cells from normal BALB/c mice (Fig. 3, lane 1) . The P8.6 protein might be involved in the modification of signal intensity through antigenic stimulation. Although the identity of the 170 kDa protein with a tyrosine residue is not clear, it might contain SH2 or SH3 domains and could associate with the P8.6 protein via the proline-rich region or phosphorylated Y-I/L motif. We used polyclonal antibody against phospholipase Cγ1 antibody (total serum) as a negative control and we could not detect any bands (Fig. 3, lane 2) . Inhibitory effect of P8.6-3 gene on the signal transduction and T cell growth
To examine the function of P8.6-1 (Y-I motif) and P8.6-3 (Y-L motif) genes on signal transduction and cell growth, we made DO-11-10 transfectants carrying P8.6-1 and P8.6-3 gene respectively. P8.6-1 transfectants showed 3-4 times higher luciferase actively upon stimulation with ionomycin, whereas P8.6-3 transfectants did not (Fig. 4a) . D11-10 carrying P8.6-3 genes grew slowly compared with P8.6-1 transfectants and 80% of cells were dead at 7 days (Fig. 4b) . These results suggest that P8.6-3 gene products (Y-L motif) interact with intracellular molecules including transcription factors, which are dependent on Ca 2ϩ signals, resulting in the inhibition of cell growth. In Fig. 4(a and b) the SD was calculated and is indicated by a horizontal bar.
Deletion of mutated P8.6 genes in autoimmune-prone mice
To analyze the heterogeneity of the P8.6 gene family in seven autoimmune-prone mice and in control BALB/c mice, we performed PCR Southern blot experiments using several primers specific for the mutated P8.6 genes (Fig. 2c) . PCR Southern blot analysis using primer set P2 and P5 showed a low frequency of the P8.6-2 gene (Fig. 5a ) in NZW mice. As shown in Fig. 5(b) , PCR using primers P2 and P6 demonstrated that the P8.6-3 gene is missing in BXSB and NZW mice. Analysis using primers P4 and P6 showed that the P8.6-7 gene is missing only in NZW mice (Fig. 5c ). As shown in Fig. 5(d) , the P8.6-10 gene with a deletion of the ITIM motif (TANYSNI) was primarily observed in NZW mice, suggesting that the decrease in the ITIM motif molecule is greater in NZW mice. The results are summarized in Fig. 5 .
Discussion
B/WF1 mice generally develop a severe systemic lupus erythematosus-like autoimmune disease more severe than that found in parental NZB mice. This phenomenon suggests the possibility of some unknown genetic factor contributing to the autoimmune disorder in NZW mice. Kotzin et al. (15) reported that NZW mice have an 8.8 kb deletion spanning the C β 1, D β 2 and J β 2 gene segments of the TCR β chain, retaining only one C β 2 gene segment. Yanagi et al. (16, 17) reported that there is very high association between the deletion of the TCR β chain gene and the development of autoimmune manifestations, including the production of anti-DNA IgG antibodies in NZW mice. In contrast to the TCR β chain, there are no reports of a contribution by the TCR α gene to autoimmune disorders. The P8.6 gene is encoded upstream of the mouse TCRV α 1 gene in the anti-sense strand and the P8.6 protein has two unique consensus sequence motifs. First is the proline-rich region similar to the SH3 binding consensus sequence. Second is Y-I/L motif homologous to the SH2 binding sequence of Igβ. Therefore, It is possible that a deletion or alternation in the P8.6 protein would modify the signal intensity in activated cells through antigenic stimulation, resulting in the generation of autoreactive T and B cells.
In some mutated P8.6 genes (P8.6-3, P8.6-4, P8.6-5 and P8.6-6), the Y-I motif is changed to Y-L, and these genes are deleted in NZW and BXSB mice. Although there is no direct evidence to suggest that the substitution of Y-I to Y-L alters the binding affinity to molecules with SH2 domains, the lack of P8.6 family genes with an SH2 binding motif might be a factor in the production of autoantibodies (anti-platelet antibodies and anti-cardiolipin antibodies) in (NZWϫBXSB)F 1 mice (18). P8.6-3 carrying the Y-L motif had an inhibitory Fig. 5 . Deletion of mutated P8.6 genes in autoimmune-prone mice. P8.6-2 (a), P8.6-3 (b), P8.6-7 (c) and P8.6-10 (d) genes were examined by PCR Southern blot analysis using specific primers P2 ϩ P5, P2 ϩ P6, P4 ϩ P6 and P1 ϩ P11 respectively. effect on T cell growth by transfection experiments. The lack of this motif in P8.6 gene may cause the generation of autoreactive T cells, since NZW and BXSB mice were lacking this Y-L motif. However, we do not clarify the effect of substitution at position 10 (P to Q).
The intraplasmic domain of FcγRIIB, which has the same ITIM as P8.6, can negatively regulate cell activation via the B cell receptor (BCR), TCR and FcR. This suggests that P8.6 family proteins also work as regulatory molecules in the activation of T and B cells. Thomas et al. (11) and Pani et al. (14) reported that the consensus ITIM motif (T/S)xx(p)YxxL is found in mouse Fcγ RIIB and CD22 molecules, and might be an inactivation receptor against BCR signaling. Thomas et al. proposed a model for the termination of BCR signal transduction. In their model, tyrosine phosphorylation of either CD22 or FcγRIIB recruits PTP1C to the membrane and allows for the dephosphorylation of appropriate substrates upon association with BCR. The Southern blot analysis in the present study showed that the P8.6-10 protein without an ITIM motif is found predominantly in NZW mice compared with other mouse strains. Moreover, NZW mice lack the P8.6-7 and P8.6-9 genes containing the ITIM motif. These findings suggest two possibilities for the generation of autoimmunity in NZW mice. One is that the decrease of P8.6 genes carrying the ITIM motif induces an imbalance between PTP1C activity with CD22 or FcγRIIB and the dephosphorylation of Igβ, resulting in no termination of the BCR signal. The other is that P8.6 gene family products directly interfere with the association between Igβ and kinase molecules, such as Syk and Lyn (19) (20) (21) (22) (23) (24) (25) (26) .
The cytoplasmic domain of Igβ plays a crucial role in Ig recombination events such as allelic exclusion (6) and V-DJ joining (7) Recently, Nussenzweig et al. (7) reported that mice lacking Igβ can rearrange DJ but VDJ. It is postulated that P8.6 gene family products might be involved in B cell-specific development, because P8.6 gene products are homologous to the cytoplasmic tail of Igβ. Interestingly, the P8.6 gene is encoded in the TCRα region in the anti-sense strand, suggesting that B cell development is dependent on molecules in the TCRα gene via modification of the signaling of BCR.
Further experiments on the molecules associated with the P8.6 protein are in progress using expression cloning methods, and as until now we could not verify the exact locations and existence of the P8.6 genes except P8.6-1 in the genomic DNA, we think further experiments on screening the genomic DNA library to find out the other P8.6 genes using the P8.6-1 probe would be fully appreciated. The elucidation of P8.6-associated molecules should shed light on the functional role of the P8.6 protein in the progression of autoimmune diseases.
